Recently I discussed an environment in which a core collapse supernova rotates and has an embedded magnetic field during the collapse. The result should be the formation of a neutron star with a surrounding accretion-extrusion disk and the formation of narrowly collimated jets based in the disk close to the neutron star surface. The disk material in the jets should have a velocity of about 0.5c corresponding to a kinetic energy of about 140 MeV per nucleon. In this paper some of the nucleosynthesis consequences of this scenario are further explored. (a) R-Process fission recycling: The recycling occurs in the disk at densities of 10 12 to as much as 10 13 gm cm −3 . Various clues from old terrestrial r-process experiments, together with the classical fissility parameter, are used to extrapolate from high mass number measurements to estimate the upper end of the r-process cycle. I find it should occur at about Bohrium (Z = 107) with mass number 297 ( 297 Bh). This should form fission fragments with peaks near A = 132 and A = 165. The higher peak occurs at the center of the r-process hump in the rare earth region, whose origin has been very uncertain. (b) High energy spallation when the jets penetrate the expanding supernova envelope. The jets should contain two major components: a prominent nuclear statistical equilibrium peak formed at lower densities and the r-process distribution with intermediate density r-process yields below A = 132 and high density fission recycled r-process yields above A = 132. When these components smash into the envelope, the major effect is to slow the heavy energetic charged particles to rest. The deposition of the kinetic energy in a cylindrical column will cause very energetic secondary explosions within the envelope, thus spreading the r-process products over a much wider solid angle than subtended by the jets. But there will also be energetic spallation of the jet material on all the products of the nuclear burning layers in the envelope. The equilibrium peak near mass 90 will create the prominent p-process hump in that same region, also long a mystery. It is also to be expected that the r-process distributions will produce a more continuous spallation yield overlaying the p-, s-, and r-process abundances themselves. I suggest that the peculiar Xe-HL abundance distribution reflects this process. The spallation in the carbon-oxygen layer of the envelope should form DLiBeB in competition with cosmic ray processes. Finally, the triggering supernova that has been hypothesized to have accelerated the collapse of a molecular cloud core to form the primitive solar nebula is identified with these effects, and the very short-range variations in the lithium isotope ratios within calcium-aluminum inclusions (CAI's) in meteorites, together with the new evidence that 7 Be is an extinct radionuclide, is cited as evidence that the CAI's were formed in the expanding envelope of the triggering supernova rather than in the solar nebula itself. Explanations for a number of classical meteoritic puzzles are suggested that depend on this scenario.
I recently discussed a new environment in which the rprocess of stellar nucleosynthesis may be expected to operate (Cameron 2001) . This can be expected to develop during the core collapse phase of a Type II or Ibc supernova. Here the central region of the presupernova star will collapse faster than the outer layers, forming a hot neutron star at the center while the outer layers are still falling inward. At this point a large flux of neutrinos is generated that interacts with the infalling envelope, depositing energy and momentum and hence ejecting these layers to form the exploding supernova (Qian & Woosley 1996) . This scenario was then further investigated by Hoffman et al. (1997) to see what kind of r-process would be generated within the outflowing neutron wind that would be ejected from the neutron star surface by the stream of neutrinos. They were disappointed to find that they could build up heavier r-process nuclei only to about mass number A = 80, in the vicinity of the 50 neutron closed shell. Now consider realistic modifications to this scenario. It is highly probable that the presupernova was rotating, so angular momentum can be added to the model. It was found that the formation of a rotating neutron star in such circumstances was accompanied by the formation of a surrounding accretion disk (Fryer & Heger 2000) . The next step is to add the effects of internal magnetic fields in the presupernova. Whatever internal mixing has taken place during the prior evolutionary history of the star is likely to have interconnected the radial distribution of stellar burning layers by magnetic fields. Then the core collapse will introduce differential rotation among these layers as the collapse takes place, causing the magnetic configuration to wrap into a toroid. The toroidal wrapping will exist within the neutron star and will extend out into the accretion disk. Livio (1999) has pointed out that all known accretion disk systems that are threaded by magnetic fields develop bipolar outflows in the form of jets. In such jets the magnetic field is formed into a toroid owing to the approximately Keplerian rotation in the accretion disk at the base of the jets, and they are quite narrowly collimated by a z-pinch (hoop stress) effect involving this magnetic field. The ionized component of the accretion disk is of course carried upward by the magnetic field structure of the jet, and any neutral component that is present must be carried along in this flow because the time scale for ambipolar diffusion is much longer than the characteristic flow time for an e-fold expansion within the jet. In the case of a neutron star accretion disk, relativistic effects are important in motions near the neutron star surface, and the relativistic analysis of Kudoh et al. (1998) indicated that the outflow velocity within the jets should be comparable to the Keplerian velocity within the accretion disk at the base of the jets. In the present scenario this estimates the outflow velocity to be about 0.5c, corresponding to a kinetic energy of about 140 MeV/nucleon (Cameron 2001) . Such jets are nature's way of extracting angular momentum from the accreting material and ejecting it from the system, thereby allowing the accretion to occur. Depending on the circumstances, between a tenth and a third of the accreting material will be ejected in the jets (Königl & Pudritz 2000) . The accretion disks considered by Livio are generally of the type where the material added to the disk is externally supplied. The neutron star accretion disk can be expected to be somewhat more complex. The presupernova collapse adds external material to the disk. In addition, the toroidal winding of the magnetic field within the neutron star builds up the magnetic pressure, which tends to expand the base of the accretion disk. Thus when the jets are established material will be fed into the base of the jets both by accretion from larger radii and by extrusion from within. In both cases angular momentum is extracted from the disk and ejected as part of the jet outflow. Now consider the composition of the accretion disk. At lower densities under conditions of nuclear statistical equilibrium the abundances of the nuclei form a peak that shifts from the conventional peak centered at A = 56 toward higher mass numbers as the density increases. The Fermi energy of the degenerate electrons increases with density, and electron capture converts protons (within nuclei) into neutrons. When the peak reaches the vicinity of the neutron drip lines, the composition becomes dominated by nuclei with closed shells of 50 neutrons. This is the situation up to a density of about 10 11 gm cm −3 , and beyond that the nuclei become embedded in a sea of free (but degenerate) neutrons (Cameron 2001) . This is the key to the operation of the r-process, since a requirement that the r-process itself should undergo fission recycling means that the ratio of free neutrons to seed nuclei needs to become several thousand (Cameron 2001) , and this is achieved at densities approaching 10 13 gm cm −3 , almost the normal density within the nuclei themselves. In the next section of this paper I shall make an estimate of the position of the fission recycling point within the r-process.
When the bipolar jets are established within the neutron star accretion disk, the high flux of neutrinos will be turning around the infall velocity of the surrounding envelope, so that the envelope will begin to expand at its base and an outgoing shock wave will be established. At this point in its evolution, the presupernova can be expected to have lost a significant amount of its outer envelope in a stellar wind. The amount of mass in the envelope at this time probably varies a great deal with the mass of the presupernova. In subsequent sections of this paper I shall take a nominal mass of about five M for this (relatively slowly) expanding envelope, and discuss in general terms the expected effects of the impact of the jets upon the envelope. There will be several phases of this phenomenon: first the jets must blast their way through the envelope, which will produce a trail of high energy spallation along the line of penetration and deposit a considerable amount of energy, and this can be thought of as a linear heat dump that will undergo approximately a cylindrical expansion, forming a lateral shock wave of its own. This will be important in distributing r-process products over a much wider angle than subtended by the opening angles of the jets themselves. However, the discussion here will center on nucleosynthesis effects that may have left their mark on the relative abundances of the nuclides in nature.
2. the heavy end of the fission recycling process Theoretical treatments of the r-process necessarily involve extensive extrapolations of experimental nuclear data in the directions of larger neutron excesses and higher mass numbers. Thus it is important to draw clues from as many pieces of relevant data as possible. Nevertheless, there must be a great amount of extrapolation to treat nuclei in the vicinity of the neutron drip lines. Theoretical treatments of very neutron-rich nuclei are improving with time, but semiempirical treatments of such things as nuclear masses, nuclear level densities, nuclear radiation widths, and beta decay rates in the presence of electron degeneracy with high Fermi energies are necessary.
As discussed in Cameron (2001) , the fission recycling stage of the r-process should involve the fission of a heavy nucleus somewhere in the vicinity of A = 300, producing a lower mass number peak in the vicinity of the 132 Sn nucleus, which has a closed shell of 50 protons and a closed shell of 82 neutrons. Some data on this based on mass spectrometric measurements on Te and Xe extracted from interstellar nanodiamonds were discussed in Cameron (2001) and are more extensively discussed below. Then one must expect that the remainder of the fissioning nucleus normally forms the heavy fragment, not counting a few neutrons that will be independently emitted. Here I discuss some extrapolations that will attempt to locate this heavy fragment.
If the fissioning nucleus is near A = 300, then the average mass number of a fragment is near 150, and thus an average of an additional 150 neutrons must be added to each fragment to bring them back up to the vicinity of A = 300 during the next full r-process cycle. Recent studies of heavy element abundances in the most primitive stars have shown that the relative abundances of the elements above xenon are remarkably constant even though the abundances at lower mass numbers are more variable and the ratios of both sets of data to the very abundant elements such as iron can vary enormously (Burris et al. 2000) . This suggests that the r-process has recycled at least once to achieve such a pattern. If there were four such cycles, then the sum of the four cycles would involve 15 nuclei traversing the r-process network for every nucleus that entered it. For this to occur we would need about 2250 neutrons per entering seed nucleus. This would require a density of about 10 13 gm cm −3 (Cameron 2001) . However, (Qian 2002) has pointed out that of two ultra-metal-poor stars, CS 31082-001 and CS 22892-052, the abundance ratios of heavy elements below lead in the former relative to the latter are much smaller than in the thorium-uranium region, indicating that the latter star cannot have run the fission recycling process very far into the second cycle. So the latter star, at least, can only have had of order 150 neutrons captured per nucleus above A = 132.
However, if the lower mass numbers in the r-process (below A = 132) are produced in the same star that produced the higher mass numbers, then only a few tens of neutrons per seed nucleus would be required to produce them. This is easily possible in a jet that elevates material entering the base of the jet from both relatively low and relatively high densities in the neutron star accretion-extrusion disk. The highest free neutron to seed ratios require a medium in nuclear statistical equilibrium at a density of 10 12 gm cm −3 or higher (see Figure 7 in Cameron (2001) ). This is well beyond conventional neutron drip lines, so that the nuclei exist in equilibrium with a sea of degenerate neutrons. Conventional nuclear mass formulas need major corrections for the interactions between the nuclei and the degenerate neutron sea. These have not as yet been developed, so the numbers given here should not be trusted beyond a factor of a few. However, the neutron star accretion disk extends not only to at least 10 13 gm cm −3 , but also down to values of density likely many orders of magnitude smaller. Material is likely to flow into the base of the jets from this entire range of densities; hence the current scenario can be expected to commingle regions of extensive r-process recycling with other regions in which the r-process does not reach beyond about A = 80.
The densities of order 10 13 gm cm −3 exist at the base of the neutron star accretion disk. When the neutron star is formed, temperatures of order 10 10 degrees K are expected to characterize the surface layers (Qian & Woosley 1996) . Thus nuclear statistical equilibrium will quickly be established in these layers. This equilibrium will be governed by weak interactions in which beta decays and electron captures come into balance with each other (a condition known as the URCA process). The r-process cannot begin as long as that balance endures. It is the electron degenerate Fermi level that maintains the electron capture side of the URCA process. When this is lowered as the material is extruded outward, then beta decays allow the r-process to commence, but much more slowly than has usually been assumed, since most of the energetically allowed beta decays are in fact blocked by the remaining electron degeneracy. The neutron degenerate Fermi level is also lowered, reducing the free neutron to seed nucleus ratio, and allowing the excess neutrons to be captured onto the nuclei. The usual simulations of the r-process indicate that the neutron capture path under freeze-out conditions lies along approximately the line in the nuclide chart where the neutron binding energy has fallen to about 2 MeV. This defines the final positions of the beta decay waiting points in the r-process, at which the rates of neutron capture and photoneutron emission come into balance. How fast the r-process approaches these final conditions will be a function of the outward flow rate in the extrusion process. This is a coupled magnetohydrodynamic and nuclear reaction rate problem that requires investigation.
Within this framework I turn to the question of the location of the upper end of an r-process cycle. When the U. S. Atomic Energy Commission exploded its first large scale thermonuclear experiment ('Mike') in 1952, its implementers were surprised to find that exotic new nuclei had been produced with impressively large abundances by multiple neutron capture events on the target nuclei (Diamond et al 1960) . Although the abundances fall off rapidly with increasing mass number, superimposed upon a smooth curve is the characteristic odd-even abundance fluctuation due to the higher neutron capture cross sections in odd mass number heavy uranium isotopes than in the even mass number ones. At the high mass number end of the yield curve this effect becomes reversed, with the odd mass numbers having a relatively greater abundance than the even ones. This resulted from (n,p) reactions of 14 MeV neutrons on 238 U having produced 238 Pa, coupled with the still higher neutron capture cross sections for odd-Z, even-A Pa isotopes, so that Pa isotopes dominated U isotopes in abundance after a sufficient number of captures in the chain (Bell 1965) . There may also have been some production of 239 Np from scattering of 14 MeV neutrons on deuterium, giving 238 U(d,n)239Np, which could have a similar effect (Bell 1965) , but the probability of having neutron-induced fission in the Np neutron capture chain is considerable.
In the 1960's the U. S. Atomic Energy Commission, in its Plowshare program, carried out a number of underground explosion experiments in which the device designs were intended to maximize the fluence of neutrons on selected targets. The experiments, (with the targets in parenthesis) were as follows: Par ( 238 U), Barbel ( 238 U), Tweed ( 242 Pu), Vulcan ( 238 U), and Cyclamen ( 238 U + 243 Am). In these experiments the neutron fluence exceeded that in Mike, but it was concluded that the yields of all the transuranium isotopes were significantly depleted by neutron-induced fission, and no yields associated with the americium target could be identified (Bell 1965 (Bell , 1967a . It is notable that in none of these experiments was a measurable yield determined beyond A = 257, which was recovered as a Fermium isotope.
257 Fm has an alpha decay half life of 100.5 days and only a 0.21 percent decay by spontaneous fission. But the next three isotopes have a predominant decay by spontaneous fission with half lives of 370 microseconds, 1.5 seconds, and about 4 milliseconds, respectively (Nuclear Wallet Cards 1995) . Thus it is not surprising that none of these were recovered. In fact, the first and third (and possibly the second) of these will decay faster by spontaneous fission than could be expected by beta or alpha decay. These facts will provide a basis for some fissility extrapolations.
The classical fissility parameter considers the nucleus to be a liquid drop, and divides a quantity proportional to the volume electrostatic energy, Z 2 /A 1/3 , by another quantity proportional to the surface area, A 2/3 , to obtain the parameter Z 2 /A, which I will call the classical fissility parameter. Clearly this does not take into account nuclear shell and deformation effects. Bell (1967b) has discussed a modification to the volume and surface symmetry energies such that the fissility parameter becomes
, where C = 1.7826. I shall use both versions of these expressions for the fissility parameter in order to get a feeling for the possible errors in an extrapolation using them. Figure 1 shows a nuclide chart somewhat crowded with information. The set of small squares on the left are the beta stable nuclei. The thinner set of squares to its right are beta decay waiting points approximated by the positions where the neutron binding energy drops below 2 MeV (marked 'wait'). To the right of that is a pair of jagged solid lines marked 'drips 1,2'. This shows where the first and second neutron drip lines are. The first drip line is where the first nucleus becomes neutron unstable. At successive mass numbers from these positions the nuclei are alternatively stable and unstable owing to the odd-even mass effect. The second drip line is where all of the nuclei (for a given Z) become neutron unstable. When a significant number of free neutrons become present forming a neutron sea, then the nuclei will come into equilibrium with this neutron sea, and neutron instability means that the nucleus must be able to emit a neutron above the Fermi energy of this neutron sea. The pair of drip lines corresponding to a density of 10 12 gm cm −3 (drips 3 and 4) slightly overlaps with the first two drip lines, and hence has not been shown to avoid clutter. However, the next pair of lines ('drips 5,6'), corresponding to a density of 10 13 gm cm −3 are farther to the right and are plotted. The three diagonal lines which cross all of the above mark the positions of mass numbers 132, 257, and 260, which are the expected positions of the lower mass number peak from the cycled fission, the last mass number that avoids fission in the terminal beta decay stage of the r-process, and the last Fermi nuclide for which the decay properties are known experimentally, respectively. The box in the upper right corner is bounded on the lower side by Z = 100, and on the left side by N = 164, so that a fission of any nucleus in the box should form two fragments which contain at least a 132 Sn nucleus in each core. In practice it appears that a majority of the excess nucleons above these two cores tend to cluster around one of the two fragments that are formed, although near the lower left corner of the box the fission is symmetric (Hulet et al. 1989) .
Within this upper right box is plotted a dashed line, starting at the position of 260 Fm, which traces out the values of Z 2 /A corresponding to 260 Fm, as an extrapolation to find the nucleus with a binding energy of 2 MeV with the same fissility parameter, as a possible fission point for the upper end of the r-process cycle when the neutrons are approaching exhaustion. At the beginning of the r-process the neutron number density will be much higher, and the r-process capture path will lie more to the neutron-rich side of the valley of beta stability, initially beyond the first drip line. As may be seen, the same extrapolation of the fissility parameter would predict that the fission point would be at a higher mass number still. Also shown on Figure 2 is the separate extrapolation line corresponding to the modified fissility expression used by Bell (1967b) . It crosses an extrapolation of the 2 MeV binding energy line at about Z = 115, N = 202, A = 317. This would then predict that the upper fission peak should occur at A = 185. Accordingly, I would place the extrapolated range for the upper peak in the range A = 157 to 185. Figure 3 shows the abundances of Anders & Grevesse (1989) for the solar system, plotted as a function of mass number. The left vertical line shows the expected position of the light fragment at A = 132. This falls under part of the r-process peak corresponding to N = 82, so there can be no expectation of an abundance anomaly due to this fission peak since it would simply add to the natural r-process peak there. However, in Cameron (2001) there is a discussion of relevant abundance patterns in Xe and Te extracted from interstellar nanodiamonds indicating the likely confirmation of this peak, and this is further discussed later in this paper. The expected position of the upper fission peak at A = 165 (for the Z 2 /A extrapolation) falls right on top of a long-mysterious r-process peak in the rare earth region, and is marked by the other vertical line. Its accompanying horizontal line marks the possible error position in the extrapolation for this peak position as discussed above. The r-process character of the rare earth peak is identified by the decreased odd-even abundance fluctuations at A = 165, also demonstrated at the other two r-process peaks in Figure 3 corresponding to the N = 82 and 126 positions. The extrapolation that attempts to incorporate volume and surface symmetry energy corrections to the fissility parameter does not lead to any useful identifications, and it would thus appear that the classical Z 2 /A parameter has done surprisingly well all by itself in this exercise. Since Niels Bohr (together with John Wheeler) played a key role in developing our understanding of the nuclear fission mechanism as the deformation of a nuclear liquid drop, it seems appropriate that this fission location should turn out to be in an element named in his honor. This is not really a new interpretation of the rare earth r-process abundance hump. I had long ago suggested that the rare earth hump was due to the fission of a heavy nucleus formed by the r-process (which I then called neutron capture on a fast time scale) (Cameron 1957) .
the p-process spallation hump
Now consider the flow of nuclei up the jets. As remarked earlier, I have estimated that a jet, with a radius of about 12 km, should eject material at its own Keplerian orbital velocity, or 0.5c, corresponding to kinetic energies of some 140 MeV per nucleon. The jet would be fed nuclei in the accretion disk from both smaller and larger radii. The material from smaller radii will have undergone or be undergoing the r-process, depending on the rapidity of the transport and the rate at which phase space is opened up to allow beta decay at the r-process waiting points. It takes an average of about 10 −5 M of r-processed material per core-collapse supernova to supply the abundance -A nuclide chart showing the stable nuclei along the valley of beta stability as solid squares and also an approximate set of neutron capture waiting points marked "wait where the neutron binding energy falls below 2 MeV. The box in the upper right corner shows where fission fragments will primarily each have a 132 Sn doubly closed shell core inside. The line marked A = 257 shows the upper end of the nonfissioning r-process nuclei, A = 260 is the last known fermium nucleus from which the extrapolation starts, and the line marked A = 132 shows where the light recycled fission fragments will be formed. In addition, the pair of lines marked "drips 1,2 shows the location of the actual drip lines at low densities for the mass formula used to determine these lines. Drip 1 is where every second nucleus at a given Z becomes neutron unstable, and drip 2 is where all nuclei for that Z become unstable. "Drips 5,6 shows the effective drip lines for these two conditions at a density of 10 13 gm/cm 3 due to the presence of a neutron Fermi energy of 6.4 MeV.
needs of the galactic stellar nucleosynthesis, so let us assume that value for the flow from smaller radii in the accretion disk. It is likely that the r-process products are still undergoing beta decay toward the valley of beta stability as they ascend the jet, with accompanying gamma ray emission when the beta decay occurs to an excited state of the daughter nucleus. This is the basis on which I have suggested that these jets should be identified with gamma ray bursters (Cameron 2001) .
The nuclei coming from radii larger than the base of the jets were probably formed at high enough temperatures that they have come to statistical equilibrium, but at densities too low for the presence of a degenerate neutron sea. In that connection I have reexamined an assumption made in Cameron (2001) regarding the statistical equilibrium abundance distribution. There I found that the mass formula favored for use with the nuclear astrophysics calculation tools developed by F.-K. Thielemann and colleagues (Thielemann et al. 1986 ) could not be used in the vicinity of the neutron drip lines because the procedure contained patches that introduced discontinuities in the mass surface there of many tens of MeV. So I adopted a mass formula developed by J. W. Truran and me in 1972 which does not suffer from such discontinuities, based on a liquid drop model of the nucleus with a tapered edge, and with volume and surface symmetry energies through the sixth power of (N − Z)/A (even powers only). But to make it roughly comparable to the other calculations I had done with the Thielemann software, I added a volume symmetry term involving the eighth power of the symmetry quantity.
I now consider this modification to have been ill-advised, since the 1972 mass formula was in fact adjusted as well as possible to represent the masses of nuclei in the neutronrich region. Since this mass formula has not been presented in the literature, I have archived it with the electronic version of this paper. Figure 4 shows the equilibrium abundance distribution for a density of 10 11 gm cm −3 . This shows that at this density the abundance distribution is fairly sharply peaked at A = 88, and I will assume that to characterize the material entering the jets from higher radii. It must be cautioned that this assumes that the mass corrections for shell effects that characterize the mass surface at the valley of beta stability can also be applied in the vicinity of the neutron drip lines, which is questionable.
Thus the material ascending the jets that comes from Figure 1 , although the box lines have been omitted. The solid rectangles on the left are the upper end of the valley of beta stability, while those in the middle of the graph mark the positions of the last nucleus for each Z at which the neutron binding energy is above 2 MeV (the late stage waiting points of the r-process). The line marked 'Z 2 /A' is the conventional fissility extrapolation, while that marked 'symmetry correction' is the symmetry energy correction adopted by Bell. radii larger than the base of the jets is likely to have a composition similar to that in Figure 4 , and the fission recycled r-process material coming from smaller radii will have an abundance distribution extending from about A = 132 to A = 257. What about the r-process material from smaller mass numbers? The material ejected from the neutron star polar regions in a wind inside the conical envelope of the jets is likely to have a composition similar to that computed by Hoffman et al. (1997) , extending up to about A = 80 or so; because this will not have been fission recycled, significant abundance variations can be expected from one source to another. The gap between A = 80 and A = 132 will be filled from material that came to equilibrium at densities between 10 11 and 10 12 gm cm
where the free neutron number density is not large enough to drive fission recycling. This is a quite complicated scenario, but a logically necessary one that will present some interesting challenges to model builders attempting simulations. If we assume that the non-r-process material ejected in the jets also amounts to about 10 −5 M , then a rough estimate of the material traversing the jets is about 4 × 10 28 gm. If, as stated earlier it is assumed that the presupernova still has a mass of about 5M , and if, as assumed in Cameron (2001) , each jet has an opening solid angle of 10 −6 times 4π steradians, then the jets will smash into about 2 × 10 28 gm. If, as is likely, the jets wiggle and/or have kinks, then larger amounts of material would be involved. The jets travel at about 0.5c, whereas the expanding envelope will eventually be travelling at of order 10 9 cm sec −1 , although the total outward motion of the envelope may not have become organized at the time under consideration. This does not matter because the motions are slow compared to those in the jets. The total kinetic energy in the jets is about 5 × 10 48 ergs. If all of this were to be thermalized in the collision between the jets and the envelope, then this would cause a very substantial secondary explosion within the supernova envelope, but it would not be generally observable as a separate event from afar. However, the early material in the jet is likely to blast open a path through the envelope that will allow the later material to pass through and to let the deexcitation gamma rays be emitted in a forward beam, so that the energy in the secondary explosions in the envelope will be less than the total thermal energy in the jets. This assumes that there is not still an extensive outer hydrogen layer in the envelope, since the time scale for most of the gamma ray emission would then become smaller than the total penetration time.
The actual development of the collision is likely to involve the heavy ions smashing through the envelope for the most part, leaving a trail of ionization along a cylindrical path within the envelope similar to that left by a heavy cosmic ray ion traversing a nuclear emulsion. Most ions would not make a nuclear collision with another nucleus in the envelope, but a substantial number would do so, and the earlier ions in the jet should be slowed down to rest in the envelope, as a cylindrical path in the envelope is energized. This cylinder will then expand laterally (but the fluid will have acquired a substantial forward motion as well), and thus a cylindrical shock wave will be launched. This will be the process that distributes r-process and other nuclei over a larger solid angle in the vicinity of the supernova, despite the narrowness of the r-process jets.
Spallation should now be considered as a probable nucleosynthesis mechanism within a supernova. Hitherto it has only been discussed within the context of cosmic rays propagating in the galaxy, where the yields are of course very small compared to nucleosynthesis in general. Heavy nuclei in the jet will smash into the various post-nuclearburning layers in the presupernova, some of which may have been further processed by the outgoing supernova shock wave. In general heavy nuclei smashing into other heavy nuclei in the envelope with 140 MeV per nucleon are unlikely to form conventional compound nuclei, since at these high velocities major nuclear components within the overlapping nuclei can be ejected much faster than internal thermalization can occur that would form such a compound nuclear state. There may be partial fusion building up heavier nuclei, substantial chunks of nuclear matter can be ejected, and whatever thermalization does take place can cause the evaporation of neutrons. In general these reactions would tend to produce nuclei on the valley of beta stability or on the neutron-poor side of it. However, since many of the collisions will involve heavy, very neutron-rich, nuclei in the final stages of r-process production, nuclei that would ordinarily be attributed to the r-process may instead be formed by spallation of other r-process nuclei. But if more neutrons are emitted the spallation products can overlay s-and p-process abundances as well.
Spallation collisions involving the hydrogen, helium, and carbon-oxygen layers of the presupernova are potentially very interesting. Breaking up the carbon and oxygen nuclei can be expected to produce the LiBeB element group, including the long-lived nucleus 10 Be, which have conventionally been assumed to be cosmic ray products, but it seems likely that supernovas are a more prolific source of these nuclei, and they will be produced as primary nucleosynthesis products. Spallation of helium will make 2 H, 3 H, and 3 He, as well as making nuclei heavier than the other component of the collision through (α,n) and (α,p) reactions. But collisions with hydrogen will generally just knock out a few nucleons. If there are residual neutrons in the jets that leak out of the jets, particularly during the collision, then in the hydrogen layer they will be another source of 2 H. An impressive study of the p-process was carried out a few years ago by Rayet et al. (1995) . This study examined an explosion in which temperatures in the range 2 × 10 9 K to 3 × 10 9 K produced p-process nuclei from s-process products operating as seeds. Here photodisintegration of nuclei by (γ,n) reactions followed by (γ,p) and/or (γ,α) reactions produced a good fit to the p-process abundances with one important exception. The p-process yields of Mo and Ru (with mass numbers 92, 94, 96, and 98) were seriously underproduced in the calculations.
This leads to a discussion of Figure 5 . This shows the Anders & Grevesse (1989) abundances for all mass numbers above A = 70 together with the p-process components of the total abundances. Also plotted in the figure are the abundances for equilibrium conditions for a density of 10 11 gm cm −3 at 4 × 10 9 K. The anomalously large p-process abundances in the mass number range 90 to 100, compared to the total abundances, are strikingly evident. There is a slight shift between the equilibrium peak and the center of this anomaly, but the shift is small compared to the mass formula uncertainty illustrated in Figure 4 . Thus it is justified to call this p-process abundance hump a spallation peak. As discussed above, the width of the equilibrium peak may well be broadened by the interactions with the different layers of the presupernova envelope in the jet collisions with the envelope, and a shift could also arise from this situation. It appears that the fact that this equilibrium peak constitutes such a major portion of the material entering the jets has been what produces the peaked anomaly in the p-process abundances, whereas spallation resulting from r-process component should be much more spread out and thus much less noticable in Figure 5 .
the xe-hl puzzle
The issue of the r-process component in the jets and spallation resulting from it arises again when we consider the Xe-HL question. This has been a persistent puzzle for several decades and little if any progress has been made in resolving it. This is an anomalous xenon isotopic abundance pattern that has turned out to be carried by presolar nanodiamonds that commonly occur in meteoritic matrices. High precision measurements of this pattern have been made by Huss & Lewis (1994) . They have given high quality data for a number of meteoritic xenon components, but I shall here be concerned with the anomalous Xe-HL component and the Xe-P3 component which, which, following Huss and Lewis, will be taken to be the definitive normal pattern of total solar system xenon. Huss -The upper jagged line shows the total Anders-Grevesse nuclide abundances plotted as a function of mass number, and below that line is a second line showing the abundances of the p-process nuclei in the Anders-Grevesse table. The narrow spallation peak is the equilibrium abundance distribution for the conditions given in Figure 4 , arbitrarily normalized in the plot. For comparison, the broader curved distribution is the equilibrium peak with shell and pairing corrections removed (but not the shell and pairing corrections to the level densities, to which the equilibrium abundances are less sensitive).
side, so that r-process products cannot decay to it, and the great majority of p-process products cannot do so either. Nevertheless a significant spallation product yield should produce a 130 Xe excess in the comparison of the two distributions, and that is not taken into account in a comparison of the two distributions in which the A = 130 yield is set to unity in both. Hence the derived Xe-HL isotopic excesses should be incremented by a slight but unknown amount. Figure 6 shows the ratios of the Xe-HL abundances to those in the Xe-P3 distribution, in which I have discarded the usual mass spectometric notation and simply plotted abundance ratios. This is the conventional picture of the anomalous Xe-HL distribution. The rise on the left hand side is called Xe-L and that on the right is called Xe-H. People have stared at this for a long time and have not made significant progress in finding a convincing explanation. The trouble has probably been that the ratios of the yields of distributions made by distinctly different processes have in themselves no physical meaning. A better approach is to examine the absolute values of the abundance excesses in which Xe-P3 is subtracted from Xe-HL (but keep in mind the normalizing uncertainty).
This has been done in Figure 7 , in which the abundance differences have been plotted on a semilogarithmic scale.
The high mass number end of the Xe distribution, marked 'R', is what I identified with the rise in abundances of the recycled r-process in Cameron (2001) , corresponding to the expected lighter fission fragment peak in the recycling process. As before, I have also plotted on this graph the mass excesses in the Te-H component which was also extracted from interstellar nanodiamonds (Maas et al. 2001 ). These excesses have fairly large experimental error bars, and the Te-H data have been located so that the slope of the line from 134 Xe to 132 Xe passes between the two Te-H points. This means that I also attribute these Te isotope excesses to the low side of the fission recycling in the r-process, but the reader should keep in mind that this is an exercise in judgment.
The remainder of the Xe-HL excess abundance data appears roughly parallel to the slope on the downward side of the Xe and Te r-process distribution, but displaced by two or more mass numbers to the left. I think it probable that these data result from the spallation of the r-process xenon in the jets. It is generally believed that the interstellar nanodiamonds are produced by chemical vapor deposition in cooling flows (I prefer to say gaseous expansion with cooling, nucleation and condensation) and can thus be produced in expanding supernova envelopes. Eventually such interstellar nanodiamonds will become well mixed in the interstellar medium, but they are so small that only a tiny fraction of them carry a xenon atom. Since nonsupernova Xe sources may also produce such nanodiamonds, it is necessary to consider that a supernova-r-process-spallation origin of the Xe-HL from the nanodiamonds may be contaminated somewhat (but see the discussion in the following section). Thus the present interpretation of Figure 7 seems logical but it is not compelling.
As suggested by the parallel lines in Figure 7 , it appears that there is a component of the Xe-HL distribution (the top of the Xe-H curve) that has come to rest as the jet penetrates the envelope, whereas the moderately slower ions can have had nuclear interactions that have resulted in the loss of one or two neutrons, with the products thus overlaying the s-process distribution as a minor component previously unnoticed. The more energetic ions have interacted to evaporate three or four neutrons and thus contribute to what is called the p-process distribution, also a minor previously unnoticed contribution.
Thus we are fortunate that the interstellar nanodiamonds appear to have selectively stored the products of spallation in what is a carbon-rich layer of core-collapse supernovas, followed by diamond condensation in the expanding supernova envelope when the temperature becomes low enough (and at very small densities which accounts for the small sizes of the condensates). Such a carbon-rich layer occurs in the helium region in which partial helium-burning has occurred. The nanodiamonds thus are potential sources of other heavy element supernova spallation products and should be explored for such effects.
5. the triggering supernova and isotopic anomalies The discovery of isotopic anomalies in primitive meteoritic material led to the suggestion that a nearby supernova had produced them and injected them into the primitive solar nebula (Cameron & Truran 1977) . When the extinct radioactivity 41 Ca was discovered in meteoritic material, with a half life of 10 5 years, this proved to be so much shorter than the free fall time of molecular cloud material at 10 3 particles cm −3 , about 2×10 6 years, that it was natural to suggest that the supernova in question had ejected its envelope just a few parsecs from a molecular cloud core, and that the supernova shock wave had enveloped the core and accelerated its infall (Cameron et al. 1997 ). This triggering event was simulated by smoothed particle hydrodynamic calculations by Vanhala & Cameron (1998) , and was found to cause the core collapse time to become about 10 5 years or a bit less. Further simulations using two different types of hydrodynamic code then followed to study the injection of fresh radioactivities from the supernova into the collapsing core, recently in most detail by Vanhala & Boss (2002) , who found the injection efficiency Figure 6 to show the absolute values of the abundance differences between the renormalized Xe-HL and Xe-P3 distributions. 130 Xe is not plotted since it is the base of the renormalizations and its abundance difference is unknown; if it were known the Xe-HL points would be slightly raised. Also the abundance excesses of Te-H extracted from interstellar nanodiamonds are plotted with arbitrary normalization such that the projection of the Xe-HL line that joins mass numbers 134 and 132 passes between the two Te-H points. The hypothesis is made that the Xe abundances below A = 132 have resulted from spallation of the r-process abundance distribution in the collision between the r-process jets and the expanding supernova envelope. I have assumed that the lower slope of the rising abundance peak is given by a projection of the line joining 134 Xe and 132 Xe, and a line is drawn to show this. This line is repeated on the left to show successive removals of evaporated neutrons by spallation excitation.
to be about ten percent.
At least a dozen extinct radioactivities are now known to exist in meteoritic material. While various nucleosynthesis sources have been suggested to produce these, only the core collapse supernova produces all of them. This includes the radioactivity 10 Be with a half life of 1.5 × 10 6 years, found by McKeegan et al. (2000) , which should be produced by the spallation reactions discussed above. These authors found that there were substantial variations in the boron isotope ratios from point to point within calcium-aluminum inclusions (CAIs) from CV3 chondrites such as the Allende meteorite. These were correlated with variations in the 9 Be/ 11 B ratios. More recently these authors have investigated a CAI named USNM 3515 from the Allende meteorite. They found spot to spot correlations between the 7 Li/ 6 Li ratio and the 9 Be/ 6 Li ratio, on the basis of which they concluded that 7 Be had been present in the CAI material when it was formed, having a 7 Be/ 9 Be ratio of 0.22 ± 0.13 (Chaussidon et al. 2002) .
7 Be has a half-life of 53.29 days (Nuclear Wallet Cards 1995) . The variations within the CAI occurred over distances of 50 to 100 µm (Chaussidon and Robert, personal communication). This is a most important result, because this half-life is many orders of magnitude shorter than typical evolutionary time scales within the primitive solar nebula. It is, however, comparable with although slightly shorter than the time scale for the expansion and dispersal of the envelope of the expected triggering core-collapse supernova.
For many years, the prevailing assumption has been that the CAIs and all phenomena associated with them were somehow the products of processes within the primitive solar nebula, although the nature of those processes has remained mysterious. However, I now suggest the alternative hypothesis that the CAIs were in fact produced within the expanding envelope of the triggering supernova, and then injected into the molecular cloud core along with the fresh radioactivities that were thus injected. This appears to solve a number of other long-held mysteries, as discussed below.
CAIs are meteoritic inclusions containing very refractory elements that are expected to be the earliest condensates in a cooling gas of solar composition (MacPherson et al. 1988 ). The characteristic composition consists mainly of Ca and Al oxides and some silicates with similar compounds of Ti and Mg. There are also refractory trace elements which include rare earth elements, Sc, Y, and platinum-group elements. Although it has long been thought that the condensation occurred in the solar nebula (Grossman 1972) , the condensation sequence would be only slightly perturbed when the condensation occurs in a medium of much lower density such as the expanding envelope of a supernova. The smaller density would cause the condensation to occur a few hundred degrees lower than it would in the solar nebula.
The CAIs are macroscopic objects, with sizes ranging from less than a millimeter to more than a centimeter. Some of them are spherical in shape, but the larger ones are quite irregular in shape. They usually have rims with layers ten or so µm in thickness composed of materials that condense at slightly lower temperatures, including Mg and Fe compounds.
In the supernova envelope the original steep density gradient that characterizes the presupernova configuration has an uneven expansion rate that leads to a more nearly uniform density during the expansion (Arnett 1996) . The expansion velocity of the surface layers tends to be about 10 4 km sec −1 , plus or minus a factor of a few. The light curve of core collapse supernovas is powered by the formation of 56 Ni, which decays to 56 Co, with half lives of 6.075 days and 77.23 days, respectively (Nuclear Wallet Cards 1995) . This heating, coupled with the envelope expansion, results in a very slow decline in the envelope temperature during the time that solid materials will be condensing, in the temperature interval 1000 to 1500 K.
The first condensates will nucleate when their vapor pressures become sufficiently supersaturated, and thereafter subsequent condensates will condense on those nuclei. This process will normally produce spherical bodies, and from the measurements of Chaussidon and Robert it appears likely that the dimensions will be of order 50 µm. Meanwhile, the envelope is undergoing turbulent mixing (as indicated by the fact that for the supernova 1987A gamma ray emission appeared several months earlier than expected). Because of the slow cooling rate and the stirring caused by the mixing, the 50 µm condensates are likely to collide with one another and stick together, and the aggregates in turn are likely to collide with one another, thus generating irregular shapes. I think this is the likely course of the formation of CAIs within the expanding envelope. Assuming that the process of aggregation has largely cleared the envelope of condensation centers, the next condensates to become supersaturated may be able to nucleate new condensation centers. Such new condensates may include the amoeboid olivine aggregates, composed largely of the slightly more volatile Mg 2 SiO 4 or Fe 2 SiO 4 ; see the discussion of these below.
The composition of the supernova envelope will consist initially of successive layers of nuclear burning products, which are very light elements in the surface layers of the star. The mixing will introduce enhancements of the nuclear burning layers into what is basically a slightly modified solar composition in the outer parts of the star. It may be noted that helium-burning will initially produce mainly 12 C, and in the final stages it converts a majority of the carbon to 16 O. This carbon layer is the likely source, upon envelope expansion, of the nanodiamonds discussed in the earlier part of the paper. The normal xenon (Xe-P3) is the unaltered xenon with which the outer layers started. The mixing will bring products of the r-process and fission recycling to the outer layers, and some of this material is likely to be spallated by the r-process jets, producing the Xe-HL as discussed earlier. All of this and the Te-H are then likely to be trapped in the nanodiamonds when they are formed.
The 16 O is the predominant constituent of the carbonoxygen layer inside the helium layer. This will be mixed into the CAI-forming region and should form an excess in the oxygen incorporated into the oxides and silicates. This is precisely what is observed and it has long been a mystery. Mass 16 is uniformly overabundant by 4 to 5 percent in the CAIs, whereas the ratio of abundances of masses 17 and 18 is essentially normal (Guan et al. 2000) ; such a distribution cannot be formed by any reasonable fractionation process. Because of the uniformity of the 16 O excess in the CAIs, and their deduced role in the triggering supernova, it is useful to postulate that any similar excesses of this isotope in other structures may be a marker for an origin in the same supernova. Thus, for example, Krot & McKeegan (2001) report finding this characteristic oxygen signature in a CAI accretionary rim and in an amoeboid olivine aggregate (AOA); this is my basis for attributing the AOAs to formation in the supernova as well as the CAIs.
A relatively small subset of the CAIs are quite exotic. These are the FUN CAIs, where the FUN stands for fractionated and unknown nuclear. These have a great number of nuclear abundance anomalies. There are two FUN CAIs for which extensive analyses have been carried out, named C1 and EK1-4-1. Consolmagno & Cameron (1980) analysed the nuclear anomalies that had been measured in these two CAIs and concluded that the heavy elements that had been analyzed contained a systematic excess of r-process products relative to the normal isotopic composition. In EK1-4-1 the r-process excessses are for Sm, 0.38%, for Nd, 0.33%, and for Ba, 0.16%. For C1, the corresponding excesses are 0.02%, 0.03%, and -0.03%. The p-process isotope 144 Sm is in excess by 0.31% in EK1-4-1 and by 0.15% in C1. In general these excesses are consistent with this scenario; the very slight deficits mentioned should be examined to see if neutron capture can deplete s-process abundances more than they increase r-process abundances.
The case of three light elements with three isotopes each (O, Mg, and Si) are interesting.
16 O has its usual 4.3% excess, but 17 O and 18 O appear to be fractionated with 1 and 2% excesses in EK1-4-1, and 3 and 4% in C1. In Mg the excesses above normal relative to the lightest isotope are larger than in O, but those in Si are smaller. All of these have been considered to be extreme fractionations, but I do not see how that can happen in this scenario. The reactions of a very neutron-rich environment on these light elements should be investigated, as such conditions do exist in this scenario, and the anomalies are consistent in the sense that the most neutron-rich isotope is the most enhanced. Similarly, the heaviest isotope of a number of other elements (for example, 48 Ca and 50 Ti) are enhanced in a non-fractionated manner in a variety of FUN-type samples (Lee 1988 ).
timing and the triggering process
The CAIs are not the only structures in meteorites with sizes in the millimeter range. There are also the chondrules, small mineral bodies that have been "flash heated", often repeatedly, and have cooled quickly from their peak temperatures. There have been many discussions over several decades concerning the mechanism that was responsible for this heating. Since chondritic meteorites are commonly crowded with these chondrules, what is required is a set of conditions that can administer this flash heating continuously within the solar nebula, in order to process the large amount of material in such meteorites in an efficient manner.
Common suggestions for the heating mechanism have included exposure of clumps of mineral grains ("dust balls") to magnetic reconnection flares, to lightning discharges, to collisions with solid surfaces, and to shock waves. Magnetic reconnection flares are unlikely to be common except near the Sun or in the vicinity of large planets during the solar nebula stage of the solar system, and such limited locations cause problems in doing the high volume of needed processing. Since all young stars have enhanced magnetic activity on their surfaces and associated with bipolar outflow jets, the solar nebula should get enough exposure to ionizing radiation to prevent the buildup of large potential differences within the nebula to sustain lightning discharges on the required continuous scale. Planetary surfaces are also rather rare, and in the presence of the solar nebula the small sizes of dust balls would generally prevent them from travelling fast enough to strike such surfaces at velocities high enough to produce melting. That leaves the question of shock waves.
Until recently there was no known mechanism to maintain standing shock waves in the solar nebula in a manner that could process the large amount of material required to make the chondrules. Recent work by Desch & Connolly (2002) treated the heating of small bodies by a combination of gas drag and radiative transfer as such material passed through a large-scale shock wave, and concluded that the fast rates of heating and cooling were consistent with what would be required to melt chondrules. Meanwhile, Li et al. (2001) have simulated a mechanism that they called the Rossby Vortex Instability that drives largescale vortices within accretion disks like the solar nebula. The conditions required to sustain these vortices are that there be an entropy extremum (in practice, probably a maximum) in the disk and that the disk be optically thick enough to prevent significant cooling over a time scale comparable to an orbital period (also a requirement of the Desch and Connolly mechanism). The simulations of Li et al. show that large-scale standing shock waves are generated and maintained at opposite ends of the oval-shaped vortices.
This scenario is thus highly promising to provide the efficient processing of chondrule material in the nebula. It has the further benefit of transporting the nebular gas inwards and angular momentum outwards, thus contributing to the dissipation of the nebula. It also provides confidence in this location for chondrule production within the solar nebula. A secondary effect is that once the CAIs have been injected into the molecular cloud core and hence into the solar nebula, they too will pass through these shock waves and undergo melting, an effect that has been observed to have taken place in many CAIs.
We thus turn attention to the time interval between the formation of the CAIs and the chondrules, as interpreted from the 26 Mg excesses in the CAIs and in those chondrules that have a sufficiently large Al/Mg ratio to make the decay of 26 Al measurable. In CAIs the ratio of 26 Al/ 27 Al is always 5 × 10 −5 unless the CAI has been badly thermally altered at a later stage in its existence. However, this ratio has long been known to be smaller and variable in the chondrules where it can be measured. In a recent paper Mostefaoui et al. (2002) have measured the ratio in many ferromagnesian chondrules, interpreting the results to imply time intervals between CAI and chondrule formation to be between 2.28 × 10 −5 and 4.5 × 10 −6
years. If the first of these values is assumed to measure the time of the beginning of chondrule formation in the solar nebula, then the time interval between the formation of the CAIs and the start of chondrule formation would be (0.7 ± 0.2) × 10 6 years, and chondrule formation would extend the total time interval to about 2.4 × 10 6 years. However, it must be cautioned that the process of injection of the supernova material into the material of the solar nebula will reduce the 26 Al/ 27 Al ratio by dilution of the stable 27 Al with solar nebula aluminum, and therefore these numbers are not only upper limits to the real time intervals but may possibly be unrealistically large. We therefore consider the timing of various phases of the injection process. Vanhala & Cameron (1998) found that in their simulations of triggered collapse of molecular cloud cores, the time required for the accelerated infall at the center of the core was typically in the range 5×10 4 to 1×10 5 years. This is the time for the central part of the collapse to finish its infall, but at that point there is very little mass that has finished this infall. We cannot expect the full solar nebula to support Rossby Vortices until the bulk of the infall has occurred, but so far no full infall simulations have been carried out on triggered collapse cases.
There are also very few examples of numerical infall calculations that apply to nontriggered collapses. One that is instructive is the study of the collapse of up to a few solar masses by Reid et al. (2002) . These numerical simulations were carried out for initial configurations with or without central singularities, and they used a relatively soft equation of state. They found that the central collapsed mass increased for about the first 35 percent of the total infall in proportion to the fourth power of the time, but thereafter it became uniform and eventually tapered off. Something like 90 percent of the total mass has fallen in by four free fall times. If the collapse that is triggered behaves in a roughly similar way, then I would expect that Rossby Vortices can be maintained after about two free fall times of the central region, or certainly by about 2 × 10 5 years after the triggering event. This is a very rough first approach to this problem. But it should mark the time at which chondrules can be formed in the solar nebula.
The next task is to estimate the time required for the supernova shock wave to propagate through the molecular cloud to initiate the trigger process. For simplicity I assume that the shock propagates through a medium of constant density. I do this for two cases: initial ejection velocities of 5 × 10 3 and 2 × 10 4 km sec −1 . These are intended as representative values; they are not meant to imply extremes. The basic physical process assumed was simply conservation of momentum; thermally-driven acceleration has been neglected. The results displayed are the times required to slow to 45 and 10 km sec −1 and the distance travelled in achieving this. These velocities represent the range in which the shock wave will compress the gas but not shred the molecular cloud core itself (Vanhala & Cameron 1998) . Figure 8 shows the time required to slow to these velocities as a function of the density of the molecular cloud gas being traversed. The density range 10 −22 to 10 −21 gm cm −3 is probably the most likely set of conditions to be encountered. Figure 9 shows the distances travelled during these times.
From Figure 8 we see that the transit time from the supernova is probably in the range 3 ×10 4 to a little over 10 5 years. From Figure 9 the distance ranges from two to ten parsecs. This distance range is well within the general dimensions of molecular cloud complexes. But it will also be likely that several molecular cloud cores will be triggered into collapse when the shock travels that sort of distance. Thus the time interval between the formation of CAIs in the supernova envelope and the beginning of the formation of chondrules within the primitive solar nebula is quite uncertain but probably of order 3 × 10 5 years. This is roughly half of the shortest decay interval computed by Mostefaoui et al. (2002) on the assumption that the aluminum had not been diluted by stable material. However, the simulated triggering calculations of Vanhala & Boss (2002) indicate a ten percent efficiency for injection of material into the molecular cloud core, which would imply that the dilution of the 26 Al/ 27 Al ratio by inert molecular cloud material should have been much greater than this. It seems to me to be more likely that the sample that had a ratio of 2.28 × 10 −5 in the Mostefaoui et al. measurements must have represented a local enrichment of material injected from the supernova, and therefore that chondrule formation proceeded on this enriched material quickly, before extensive mixing and homogenization could take place. The simulations of Vanhala & Boss (2002) showed that the Rayleigh-Taylor fingers that bring in the fresh supernova radioactivities are quite large, so that dilution of this material may take some time. The sample with the ratio 4.5 × 10 −6 is more likely to represent the homogenized material. The implication is that the use of 26 Al as a tool for dating relative chondrule formation ages is unreliable.
discussion
In this paper I have concentrated on examining the solar system abundance distribution of the nuclides to see if the proposed neutron star accretion disks and jets formed by core-collapse supernovas provide an opportunity to under- stand any nucleosynthesis puzzles that remain outstanding. This exercise has proved encouraging in that respect.
Within the recent past the increasing study of the element abundances in ultra-metal-poor stars has demonstrated that these objects generally exhibit abundance trends highly reproducable from one star to another, at least in the region above xenon. The operation of fission recycling in the r-process will create such reproducability, although it does not need to go much beyond the end of the first cycle to achieve this. However, the location of the fission recycling point has been an interesting question because measured nuclear data do not yet extend far enough toward neutron-rich high mass numbers to determine it. However, a very simple extrapolation from known nuclear data, using the fissility parameter Z 2 /A, suggests that it should be at about A = 297. In turn, this then predicts that the heavy fission fragment peak should lie at A = 165 (or just below it after allowing for some neutron emission). This is actually the location of an r-process hump in the rare earth region whose origin has been obscure.
The remainder of the exercise has revealed the importance of a new mechanism in stellar nucleosynthesis: the effects of high energy spallation. This turns out to be important because the neutron star jets eject material at about 0.5c, which then runs into the expanding supernova envelope, depositing a great deal of energy and causing a secondary explosion within the supernova envelope before the jets can break through to the exterior. This should be important in redistributing the material in the jets over a much wider solid angle than subtended by the jets themselves. The nucleosynthesis effects come from spallation collisions with nuclei from all of the nuclear burning layers of the presupernova. The major detectable effect arises from the relatively high abundance of nuclei near A = 90 from the nuclear statistical equilibrium peak formed at a density of 10 11 gm cm −3 and below and then injected into the base of the jets. The effect of the r-process material on the spallation patterns produced in the expanding envelope is less pronounced because this material is much more spread out, from lower mass number products above A = 90 to higher mass number products in the fission recycled region above A = 130. Thus the lower density region produces a hump in the the p-process abundance distribution at A = 90 to 100, which has long been mysterious, but the r-process spallation produces a much more spread out spallation pattern that can overlay all of the p-, s-. and r-process yields above A = 100. I have discussed this interpretation of the anomalous Xe-HL abundance pattern that has also long been a mystery. This appears to be consistent with this model because the interstellar nanodiamonds commonly found in meteorite matrix material appear to have selectively picked up this spallation component. It may prove fruitful to extract many more chemical elements from the nanodiamonds and to examine them for isotopic abundance anomalies.
The resulting conclusion that spallation must be considered as a regular nucleosynthesis process in core collapse supernovas implies that such supernovas are continuing sources of 2 H, 3 He, and Li, Be, and B isotopes. Among these are the radioactive isotopes 7 Be and 10 Be. Assuming that the former identification is correct, there are profound consequences for prevailing views on the formation of the primitive solar nebula. Its short half life is comparable to the expansion time of the supernova envelope itself, and implies that the calcium-aluminum inclusions in meteorites were formed in that expanding envelope, which can be understood in the scenario in which the supernova triggers the formation of the solar system by compressing a molecular cloud core. This scenario also provides a number of mechanisms that appear to clear up several other long-standing mysteries in meteoritics.
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